Abstract Recently, mobile-to-mobile (M2M) cooperative network technology has gained considerable attention for its promise of enhanced system performance with increased mobility support. As this is a new research field, little is known about the statistical properties of M2M fading channels in cooperative networks. So far, M2M fading channels have mainly been modeled under the assumption of non-line-of-sight (NLOS) conditions. In this paper, we propose a new model for M2M fading channels in amplify-and-forward relay links, where it is assumed that a line-of-sight (LOS) component exists in the direct link between the source mobile station and the destination mobile station. Analytical expressions will be derived for the main statistical quantities of the channel envelope, such as the mean value, variance, probability density function (PDF), level-crossing rate (LCR), and average duration of fades (ADF) as well as the channel phase. Our results show that the statistical properties of the proposed M2M channel are quite different from those of double Rayleigh and double Rice channels. In addition, a high-performance channel simulator will be presented for the new M2M channel model. The developed channel simulator is used to confirm the correctness of all obtained theoretical results by simulations.
Introduction
M2M communications in cooperative wireless networks is an emerging technology. Combining the advantages of cooperative diversity [1] [2] [3] with the features of M2M communication systems [4] makes it possible to fulfill the consumer demands of enhanced quality of service (QoS) with greater mobility support. M2M cooperative wireless networks exploit the fact that single-antenna mobile stations can share their antennas to create a virtual multiple-input multiple-output (MIMO) system in a multi-user scenario [5] . Thus, such wireless networks permit mobile stations to relay signals using other mobile stations in the network to a final destination [6] . Furthermore, the mobile relays can either decode and retransmit the received signal or simply amplify and forward the signal [3] . This paper focuses on amplify-andforward relay type M2M cooperative wireless networks.
Since M2M cooperative network technology is a rather new concept, there are only some few results available, which describe the multipath fading channel characteristics under some specific communication scenarios. Studies on the statistical properties of amplify-andforward relay fading channels under NLOS conditions can be found in [7] . The authors of [7] have modeled the amplify-and-forward relay channel in the equivalent complex baseband as a zero-mean complex double Gaussian channel, i.e., the product of two zeromean complex Gaussian channels. Hence, the envelope of the overall amplify-and-forward relay fading channel follows the double Rayleigh distribution [8] . Questions like how does the double Rayleigh fading impact the systems' performance are answered in [9] . However, there is still a lack of information about amplify-and-forward relay fading channels under LOS conditions. Thus, the purpose of this paper is to fill this gap by analyzing the statistical properties of amplify-and-forward relay fading channels under LOS conditions. An LOS component can either exist only in the direct link between the source mobile station and the destination mobile station or in the link between the source mobile station and the destination mobile station via a mobile relay (i.e., the double Rice fading scenario) [10] or in both links. Our amplify-and-forward relay fading channel model takes into consideration the LOS component only in the direct link between the source mobile station and the destination mobile station. The novelty in our approach is that, we model the envelope of the amplify-and-forward relay channel as a single-LOS double-scattering (SLDS) fading channel, i.e., the superposition of a deterministic LOS component and a zero-mean complex double Gaussian process. The PDF of the envelope of SLDS fading channels has been derived in [11] . However, other important statistical quantities like the PDF of the phase, LCR, and ADF have not been studied so far. Here, we present the integral expressions for these statistical quantities. Furthermore, the validity of the analytical expressions is confirmed with the help of a high-performance channel simulator. In addition, the results presented in this paper will provide sufficient evidence that the properties of SLDS fading channels are quite different from those of double Rayleigh and double Rice channels.
The rest of the paper is structured as follows: In Sect. 2, the reference model for amplifyand-forward SLDS fading channels is developed. Section 3 deals with the analysis of the statistical properties of SLDS fading processes. Section 4 confirms the validity of the analytical expressions presented in Sect. 3 by simulations. Finally, concluding remarks are given in Sect. 5.
